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Abstract Recently, we described a new carbohydrate- 
induced conformational tumour -epitope on mucm-1 
(MUCI) with the potential for improvement of immu- 
notherapies [29, 30]. PankoMab is a novel antibody, 
which binds specifically to this epitope and was designed 
to show the highest glycosylation dependency and the 
strongest additive binding effect when compared to 
other MUCI antibodies. This enables PankoMab to 
differentiate between tumour MUCI and non-tumour 
MUCI epitopes. It has a high-affinity towards tumour 
cells {e.g. Kj> [M] of 0,9 and 3x10 "^ towards NM-D4 
and ZR75-3, respectively) and delects a very large 
number of binding sites (e.g. 1 .0 and 2.4xiO f> for NM-D4 
and. ZR75-I, respectively). PankoMab is rapidly inter- 
nalised, and after toxin coupling is able to induce very 
effectively toxin-mediated antigen-specific tumour cell 
killing, PankoMab reveals a potent tumour- specific 
antibody-dependent cell cytotoxicity (ADCC). Pank- 
oMab is, therefore, distinguished by a combination of 
advantages compared to other MUCI antibodies in 
clinical development, including higher tumour specific- 
ity, higher affinity, a higher number of binding sites, 
largely reduced binding to shed MUCI from colon and 
pancreatic carcinoma patients, no binding to mononu- 
cleated cells from peripheral blood (except ~7% of 
activated T cells), stronger ADCC activity and rapid 
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internalisation as required for toxin-mediated cell kill- 
ing. This renders it a superior antibody for in Vivo 
diagnostics and various immu not herapeu tic approaches. 

Keywords PankoMab • MUCI - Antibody * 
Immunotherapy 

Abbreviations ADCC: Antibody-dependent cell, 
cytotoxicity * MUCI; Mucin-1 * PBMC: Peripheral 
blood mononuclear cells 



Introduction 

Mucin- 1 (MUCI) is an established tumour marker exe 
pressed on a variety of epithelial tumours. Besides its use 
as a serum tumour marker, especially in breast cancer 
patients [23, 40], it has attracted increasing attention as a 
potential target of tumour immunotherapies [19, 45]> 

Mucin- 1 is a large highly (^-glycosylated transmem- 
brane glycoprotein. The extracellular portion consists of 
a variable number of 20-120 tandem repeats (TR), Each 
TR consists of 20 amino acids with five potential 
0-glycosyIation sites (for review see [4, 26]). 

Three major features render MUCI a tumour target 
for antibody therapies, (1) in epithelial tumours, MUCI 
becomes strongly overexpressed, (2) the strictly apical 
expression, which occurs on most normal epithelia, is 
lost in the tumour, where MUCt is expressed apolarly 
over the whole cell surface, rendering it accessible by 
systemieaUy administered antibodies, (3) an aberrant 
O-glycosyiation in the tumour exposes new peptide 
epitopes on the MUCI protein backbone and new car- 
bohydrate tumour antigens such as the Thomsen-Fric- 
denreich (TP) antigen [6, 9-13, 21, 28, 34, 45], 

While these facts are in favour of MUCI as a target 
Tor antibody therapies, there are several more prob- 
lematic aspects, which arose more recently. It was found 
that MUCt is not only expressed on certain epithelial 
tissues, but also on several cells of the haematopoietic 
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system, in addition, MUCI shed into the serum of 
cancer patients in considerable amounts can be bound 
by certain therapeutic antibodies, reducing their thera- 
peutic effect [1, 7, 8, 14-16, 18, 46, 47]. 

In 1996, a panel of 56 monoclonal anii-MUCl anti- 
bodies were compared at the ISOBM TD-4 International 
Workshop on Monoclonal Antibodies against MUCI 
[39], These results as well as further studies [13] clearly 
showed that all antibodies had different fine-specificities, 
Everi those antibodies against the immunodominant 
DTR region, recognising nominally the same peptide 
region, proved to express not only different binding 
patterns in histology, flow cytometry and serology, but 
also m biochemical fine mapping of the epitope, showing 
that each anti-MUCl antibody is different [28], 

More recently, Karsten et aJ. [29, 30] described, a 
novel carbohydrate-induced conformational tumour 
epitope on MUCI (TA-MUCl) of the structure 
4i .PDT*RR.„ where T* is O- glycosylated with Gat- 
NAecd- or a similar short, non-sialyiated glycan such as 
Gal/U-3GalNAca I- (core-1). The glycans present at this 
site are themselves tumour-specific carbohydrate struc- 
tures [2U 34], and also play a critical role in the induc- 
tion of the specific conformation of the epitope. From 
the 22 antibodies recognising the immunodominant 
DTR motif, all antibodies (II) generated from tumour- 
derived MUCI showed enhanced binding to peptides 
with glycosylated DTR (glycosylation effect), In con- 
trast, those antibodies generated with non- tumour 
MUCI did not differentiate between glycosylated and 
non-glycosylated peptides, interestingly, the knob-like 
structure shown by repetitive non-giycosylated MUCI 
TR peptides [20] is not identical to the carbohydrate- 
induced conformational epitope [29, 30]. 

These studies also showed that antibodies against 
MUCI currently in clinical development (HMFG-1 and 
C595), which were made by immunisation with MUCI 
from non-tumour sources, express a specificity different 
from the novel tumour epitope on MUCI, and are. 
therefore, not sufficiently discriminating between normal 
and tumour MUCI, 

Therefore, our aim was to generate and characterise a 
MUCI antibody for a nti -tumour immunotherapies that 
maximally discriminates between the novel conforma- 
tional MUCI tumour epitope and the non-glycosylated 
MUCI epitope, as shown by the highest glycosylation 
effect and the highest additive length effect. Here, we 
demonstrate that PankoMab meets these criteria and 
shows a combination of favourable features that makes 
it superior for further development for in vivo diag- 
nostics and tumour therapy. 



Materials and methods 

Cell culture 

The human breast cancer cell line MCF-7 (ATCC No 
HTB 22) was cultured in DM EM supplemented with 



10% foetal calf serum (FCS) and 2 mM ghuamjite, KM- 
D4 (a human leukaemia ceil line, which was giycoengi- 
neered in order to express the TP antigen and the gly- 
cosylated PDTRP tumour epitope TA-MUCl, 
manuscript in preparation) and the human breast car- 
cinoma cell lines T-47D (ECACC No 85102201), ZR-75- 
I (ATCC No CRL 1500) and M.T-3 (DSMZ No ACC 
403) were cultured in RPMJ 1640 supplemented with 
10% FCS and 2 mM freshly added glutamine. Hybrid- 
oma cells were routinely grown in RPMI 1640 supple- 
mented with 5% FCS and 2 mM glutamine, All cells 
were grown at 37°C in a humidified atmosphere of 6% 
C0 2 , Media and supplements were purchased from 
Biochrom, Germany. 

Generation of PankoMab 

PankoMab was generated by a procedure consisting of 
two critical steps: (1 ) immunising Balbc mice with tumour 
MUCI from a dcsialylated human breast cancer source, 
to generate hybridomas according to a method described 
by Karsten et al. [27] and selection of hybridomas with 
high binding to the glycopeptide APPAHGVT- 
SAPDT[GalNAca]RPAPGSTAPPAHGVTSA. and low 
binding to its u ugly cosy lated counterpart by ELI'S A- 
(sensitive to the glycosylation effect; i.e. specific for the 
tumour MUCI epitope); (2) further improvement of the 
specificity by using multiple rounds of extensive, reclon- 
ing, and selection for the highest glycosylation effect and 
the highest ratio of binding to A[HGVT3APDT(Gai- 
NAca)RPAPGSTAPPA] 4 versus AHGVTSAPDT(Gal- 
NAca)RPAPGSTAPPA (additive length effect). The 
most suited clone was called PankoMab, The isotype of 
PankoMab was determined as IgGl, k by a commercial 
kit (BD Bioscience Pharmingen, Germany). 

Purification of PankoMab 

Hybrid oma. cells were maintained in Hybrid oma Express 
medium (PA A, Germany) supplemented with 2 mM 
glutamine. Purification was performed by protein A 
affinity chromatography using an elution buffer at pH 
3.5. The purified antibody was quantified by UV mea- 
surement and analysed by BL1SA and SDS-poIyacryl- 
amide electrophoresis. 

Other MUCI antibodies 

HMFG-1 (mfgGl) was purchased from Immunoteeh, 
France, VU-3C6 (mlgGl) from Biogenesis, UK,, and 
115D8 (migG2b) and DF3 (mlgGl) were from DPC 
Biermann, Germany. 

Serum samples 

Blood samples from patients with adenocarcinoma of 
the pancreas were collected at the Department of 
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Surgery, University of Heidelberg, Germany, Blood 
samples from colon carcinoma patients were collected 
at the Robert- Rossle-Klinik. Berlin-Buck, Germany. 
Samples were obtained prior to medical intervention and 
the sera were frozen immediately until further analysis. 



Peptides and glycopeptides 

Several synthetic peptides/glycopeptides> all based on 
MUCL TR sequences, were employed for different sets 
of experiments. 

LA Tn (GalNAccc)-glycosyUited 30-mer with the 
sequence APF A H G VTS APDT[Ga!N Acot] RP A PGS 
TAPPAHGVTSA and its unglycosyiated counterpart 
were synthesised by Biosyntan (Berlin, Germany). 

2, A series of Tn-glycosyiated MUC1 TR peptides of 
different length with the sequences AfHGVTSA 
P f}T(G alN Aea) RP AP GST A PP A] „ , with /t- 1-5 
(TRla~TR5a), were synthesised by H. Paulsen and 
N, Serttas (Institute of Organic Chemist ry, Univer- 
sity of Hamburg, Germany) as described in Karsten 
et aL [29], 



Enzyme \ m m un oassay s 

Enzyme immunoassays (ELISAs) were performed as 
described in Karsten et al. [29]. In all HLJSA experi- 
ments, coating vvas done on a weight per mL basis, in 
order to approximate equimolar concentrations of TRs. 
Blank values were subtracted* and means were calcu- 
lated. Each experimental type was performed multiple 
times and with different concentrations of antibodies 
and antigens. In some cases, carbohydrate-selective mild 
periodate oxidation of the coated antigens as described 
in Woodward et ah [48] (10 mM NaIQ 4 in 50 mM so- 
dium acetate buffer, pH 4.5, for 1 h at 25 t5 €, followed by 
reduction of aldehydes by 50 mM NaBH 4 in PBS) was 
performed. 



Tumour cell binding experiments and affinity 
determination 

Purified PankoMab was chelated with p-SCN -benzyl 
-DTP A and radiolabeled with ' 11 In according to Nikula 
et al [35]. Labelling was done with carrier-free m In to 
specific activities of 7-37 MBq/mg. Binding assays were 
performed in duplicate with IxlO 6 cells of ZR-75-1, 
MCF-7, T-47D and NM-D4 in 1.5 mL tubes and 
increasing serial dilutions of labelled antibody (320- 
5 ng) in a total volume of 200 uL PBS supplemented 
with 1% bovine serum albumin (3SA) to avoid non- 
specific binding, The cells were incubated for 1 h at 
4-§°C, separated from unbound antibody by centrif li- 
gation at 4>000xg for 3 min and washed 2 Limes with 
200 U.L PBS/1% BSA. Cell-bound radioactivity was 



quantified in a gamma-counter. Comparability of 
immtunoreaetivity of labelled and unmodified Pank- 
oMab was confirmed by competition of ,ll In-Pank- 
oMab with PankoMab using the same experimental 
protocol. 5 ng m In-PanfcoMab was added to increasing 
amounts of PankoMab and incubated with the cells. 
PankoMab binding affinity and capacity were calculated 
for each individual cell line by Scatchard plot analysis, 
HMFG-I was chelated and labelled as described for 
PankoMab and compared in parallel experiments. 



PBMC isolation from blood donors 

Peripheral blood mononuclear cells (PBMC) were iso- 
lated from the blood of healthy donors by density cen- 
trif ligation with FicoJl-Hypaque (Biochrom, Germany), 
The cells were washed 3 times with RPMI 1640 sup- 
plemented with 5% FCS and cryopreserved in separate 
batches of 5x \ 0 7 cells. The .PBMC were thawed and used 
directly or kept overnight in RPMI 1640 supplemented 
with 10% FCS (RPM1/FCS) before use in flow cytom- 
etry or as effector cells in the antibody-dependent cell 
cytotoxicity (ADCC) assay. Mitogen stimulation was 
performed by 3-8 days incubation of isolated PBMC in 
RPMi/FCS containing i pg/mL phytohemagglutiriin 
(Sigma, Germany) and 60 U/mL human interleukin-2 
(PeproTcch, UK). Stimulation was controlled by detec- 
tion of the CD25 activation marker in flow cytometry. 



Flow cytometry 

The isolated PBMC and ZR-75-1 ceils were suspended in 
RPMI/FCS and incubated with non-conjugated mono- 
clonal antibodies (10 ug/mL) on ice for 1 h, The cells 
were then washed twice with PBS and incubated on ice 
for 30 min in the dark with Cy 3 -conjugated goat anti- 
mouse i.g (Dianova, Germany) and/or with directly 
conjugated antibodies (BD, Belgium) to CD3 (T cells), 
CD 14 (monocytes), CD 19 (B cells) or CD25 (activated T 
ceils) to discriminate between the different cell popula- 
tions. After washing the cells twice with PBS, flow cy- 
tometric analysis was performed using a Coulter Epics 
XL flow cytometer (Beckman Coulter, Germany). 



Detection of M UC! in serum samples 

The serum MUC1 levels of 22 patients with pancreatic 
carcinoma and 24 with colon carcinoma were detected 
using a sandwich immunoassay, Briefly, 96-well plates 
(M axiS orb, Nunc, Germany) were coated with 50 uL 
per well of I u-g/mL anti-MUCl antibody (PankoMab, 
1 15D8 or HMFG-1) in PBS overnight at 4*C + blocked 
with PBS/0,05% Tween-20 containing 5% BSA, washed 
and incubated for 1 .5 h at room temperature with 50 uJL 
per weli of different serum samples. Biotinylated anti- 
bodies PankoMab, DF3 and HMFG-1 were added 
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(0,5 ug/rnL) and incubated for 1 h at room temperature. 
After washing and incubation with peroxidase- 1 a belied 
streptavidin (Dianova, Germany), the wells were devel- 
oped with TMB (tebu-bio, Germany) and measured at 
450 nrm All probes were compared to a standard of 
23 U/ml MUCI as a cut-off level for healthy controls, 
which was kindly provided by S. von MensdorfF-Pouilly, 
Vrije University Amsterdam, the Netherlands. 



Internalisaiion of PankoMab by tumour cells 

Internalisation was investigated for two tumour cell 
lines (T-47D, ZR-75-1) using the ! "in-labelled anti- 
body- The tumour cells were precooled on ice for 1 h 
and loaded with antibody (typically 300 ng PankoMab 
per 5x10 s cells). Unbound antibody was washed away 
by centrifugatiom AJtquots of cells were incubated in 
triplicate at 4 or 37°C The incubation was started by 
the addition of 50 u.L cell suspension to 150 ul,- incu- 
bation buffer of the desired temperature and storage at 
this temperature, At various times, the supernatants 
were separated by centrifugal on {2 min, 6fiQ0xg) and 
aspiration (Sf)> Afterwards, 200 uL ice-cold strip-buffer 
(50 mM. glycine, 150 mM NaCl, pH 2.5) was added per 
vial to remove the eel! surface bound antibody. The 
vials were incubated for 10 min on ice, centrifuged 
again and washed with cold PBS/1% BSA (S2). Ra~ 
dioaetivities of supernatants as well as cell pellets were 
quantified. The acid resistant radioactivity measured 
was calculated and corresponds to the amount of in- 
ternalised antibody. Radioactivity in the supernatant S! 
represents the unbound as well as shed antibody and 
that of supernatant S2 the stripped former ceil surface 
bound amount of antibody at the individual times. In- 
ternalisation was calculated as percentage of total 
bound PankoMab. Cells that do not express MUOJ 
served as the controls. 



Toxin* media ted cell killing 

Cell death mediated by internalisation of toxin-coupled 
PankoMab was analysed using the /3-amanit in-conju- 
gated PankoMab named ToxiMab, ToxiMab and 
/?-amanitin were kindly provided by Professor H. Fau- 
Istich, Max-Planck-Instit.ut fur MedLsinische Forschung, 
Heidelberg, Germany. Tumour cells (T-47D and ZR-75- 
I) were grown for 2 days half-con fluent) in a 96~well 
tissue culture plate (Nunc. Germany) and treated with 
medium as a control or either /J-amanitm, PankoMab, 
ToxiMab or jNimani tin-conjugated mouse !gG as a 
control antibody in different concentrations at 37° C in a 
humidified atmosphere, incubation was stopped either 
after 1 , 4 or 24 h by removing the supernatant completely 
and replacing tt with fresh medium. Quantification of cell 
death was performed using the WST-1 proliferartion 
assay (Roche, Germany). Cell viability was calculated as 
percentage of untreated cells (mean of four replicates). 



Anti body -dependent cell cytotoxicity 

Cytotoxicity of PankoMab was analysed in europium 
(Bu 3 + )-release assay. The target cells (5x1 0 6 ) were 
incubated for 10 mm at 4°C in 800 U.L of europium 
solution (50 mM HEPES, pH 7,4, 93 mM Nad, S mM 
KClj 2 mM MgCl 2y 10 mM diethylenetriamine-penta- 
acetic acid, 2 mM europium (3)-acetate) > electroporated 
at 710 V, 1 pulse, 30 us using a MuJtiporator from 
Eppenclorf (Germany) and incubated for another 
10 min on ice. The cells were washed in 50 mL and 4 
times in 15 mL of RPMI 1640 medium supplemented 
with 5% PCS (RPMI/FCS), The target cells (5xl0 3 in 
100 uL RPMI/ PCS per well) were seeded in. triplicates 
in 96 -well tissue culture plates {round bottom, Nunc, 
Germany) before the addition of 20 u-L RPMI/FCS or 
PankoMab in RPMI/FCS, giving a final concentration 
of 0.2-5 pg/mL in a complete incubation volume of 
200 jaL. Then, 80 [xL/well of PBMCs in RPMI/FCS in 
various effector-to-target ratios (E/T) or RPMI/FCS 
(to determine spontaneous lysis) were added. The 
plates were centrifuged for I min at 500x# and incu- 
bated for 4 h or overnight at 37°C in a humidified 
atmosphere of 6% CO 2. To determine maximal lysis, 
100 uL target cell suspension was incubated with 
100 pL 96% ethanoL The cells were centrifuged for 
5 min at 500xg, and 20 u.L culture supernatant was 
collected and added to 200 pL/well of enhancement 
solution (PerkinEimer Wallae, Germany) in 96-we!l 
tissue culture plates (Flat bottom, Nunc, Germany). 
After incubation for 15 min at room temperature, flu- 
orescence was determined using a Victor" fluoromcter 
(PerkinEimer Wallac, Germany), Specific cytotoxicity 
was calculated as percentage cytotoxicity - (experi- 
mental lysis-spontaneous lysis)xl00/(maximal lysis- 
spontaneous lysis). 



Results 

Biochemical characterisation of the fine-specificity 
of PankoMab 

Binding characteristics of the MUCI -specific antibody 
PankoMab were analysed using different glycosylated 
and non-glycosylated MUCI -derived tandem repeat 
peptides in BLiSA studies (Fig. I). PankoMab strongly 
binds to a short MUCi peptide of 30 amino acids 
comprising L5 TRs when it is glycosylated with Gal- 
NAccc at the T of the PDTRP-sequence, but not tf the 
same peptide is not glycosylated (Fig. la). No qualita- 
tive differences were seen using direct coating to the 
polystyrene surface or coating via biotm/streptavtdin 
using corresponding biotinylated glycopepttdes/pep~ 
tides. PankoMab does not bind to short MUCi pep- 
tides, which are glycosylated at other serines or 
threonines of the TR instead of PDTRF (data not 
shown). PankoMab does not bind to peptides consisting 
of 1-2 TRs with no PDTRP glycosylate on, but shows 
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oMab. a Gtycosyia lion-dependent binding of PankoMab. Pank- 
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repeat peptides TRla-TR5a. c Reduction of PankoMab binding 
towards multiple PDTRP-glycosylated TR peptides TRla~TR3a 
following periodace treatment <l PankoMab binding to the 
PDTRP-glycossylated 30-mer peptide (coated in this case from 
aqueous solution to dryness) after renaturatfon of the conforma- 
tional epitope by incubation in PBS in the presence or absence of 
Or 1 and/or Tween 



weak binding towards multiple uon-glycosylated TRs 
(data not shown). The strong binding of PankoMab 
towards the PDTRP-glyeosylated TR (Fig. J a) is further 
increased with the increasing length of glycopeptides 
(with multiple PDTRP- glycosylated TRs, Fig. lb). We 
refer to this phenomenon as the additive effect of gly- 
cosyiation and length. When comparing Fig, la, b, it 
should be mentioned that the glycopeptide TRIa is 
shorter than the glycopeptide used in Fig. la, and in fact 
too short to establish the tumour-specific conformation. 
Mild penodate oxidation in combination with borohy- 
dride treatment, which cleaves the sugar ring and abol- 
ishes its impact on epitope conformation, was used for 
further dissection of the glycosyiation and length effects. 
As shown in Fig. Ic, glycosyiation was solely responsi- 
ble for the binding of PankoMab to the dimer (TR2a) } 
whereas in the case of the trimer (TR3a) s the length ef- 
fect also came into action, The conformational nature of 
the PankoMab epitope was further confirmed by rena- 
turatton studies, A PDTRP-glycosylated MUCI peptide 
(as in Fig. la) dried from an aqueous solution onto the 
BLISA plate overnight was renatured by incubation 
with PBS db Ca 2 " and/or Tween-20. While Civ '' alone 
did not result in a substantial renatu ration of the con- 
formational epitope, Tween-20 alone did, but the best 
results were obtained with both Ca 2 *" and Tween-20 
(Fig. Id). 



Determination of cell binding affinity 

PankoMab binding to tumour cell lines was evaluated 
using radiolabeled antibody in cell binding studies.. The 
immunoreacHvity of PankoMab was not changed by 
radioiabellmg as shown by ELJSA and competition 
experiments. The dissociation constant and the antibody 
binding sites were estimated by Scatch'ard plot analysis. 
Four different tumour cell lines were analysed: the breast 
carcinoma cell lines ZR-75-1, MCF-7 and T-47D and 
the leukaemia-derived cell line NM-D4. The obtained 
data are summarised tn Table 1. PankoMab binds with 
comparable and high affinities to all the cell lines 
investigated. The results show equilibrium constants in 
the lower nanomolar to sub nanomolar range. The 
number of antibody binding sites was calculated in the 
range of JO 6 per cell. For comparison, the experiments 
were also performed with the antibody HMFG-1 under 
the same conditions. On the whole, the affinity of 
HMFG-1 and the average number of antibody moie- 
cules bound per ceil were about one magnitude less when 
compared to PankoMab. 

Flow cytometric analysis of human PBMC 

PankoMab binding to MUCI expressed on human 
PBMC was investigated using flow cytometry and 



1342 

Table 1 Cell binding affinity and binding sites per ceil of PanfcoMab compared to HMFG»I on. different tumour ceil lines 



Tumour celt line Dissociation constant K 0 (Ml Binding sites per cell Number of individual 

experiments (AO 



PankoMab HMFG-l PankoMab HMFG-l PankoMab HMFG-l 



ZR-1$-i 3.03xlO~ ,; 1.22x10"" 2.40x10" 2.10x10 s 12 2 

MCF-7 3.84X10""* 1.19x10 "* 0,44*10'' 0,35x10 s 7 2 

T-47D 7.14x10° 1.92*10"* L60xl0 6 L40xlO 5 6 6 

NM-D4 0.91xl0" 9 0.37x10 s 1,00x10* 0.63xl0 5 17 6 



Data were estimated by Sea ten a rd plot analysis 



compared to HMFG-l. Binding to monocytes (CD 14), 
B cells (CD 19) and T cells (CD 3) and to mitogen - 
activated T cells (CD3, CD25) was determined (Fig. 2). 
The granulocytes were not analysed, because MUC3 
was described to be absent as determined by RT-PCR 
and antibody staining [7, 18]. PankoMab revealed no 
binding to the cells except to about 7% of mitogen- 
activated T cells if the background binding, which was 
measured with a murine isotype control, was sub- 
tracted. In contrast, HMFG-l showed considerable 
binding to B cells, monocytes and even higher binding 
to activated T cells (Fig. 2a), The binding of Panko- 
Mab to mitogen-activated T cells was very weak in 



contrast to the very strong binding to MUC1 
expressing tumour cells as shown with ZR-754 
(Fig. 2b). The percentage of bound cells can vary be- 
tween freshly prepared PBMC and those from cry op- 
reserved samples, as well as among different donors. 
Other MUCI antibodies revealed different binding 
patterns, e.g. VUOC6 did not bind to T cells or acti- 
vated T cells but showed strong binding to monocytes, 
which amounted to nearly 100% of the cells (data not 
shown). Strong binding to monocytes was also shown 
by Leong et al [32] with the antUMUCt antibody 
E29. 



Fig. 2 Ftow cytometry analysis 
of human PBMC a PankoMab 
binding to MUCI expressed on 
subsets of human PBMC was 
measured and compared to 
HMFG-l and to an irrelevant 
murine igGl as a control, b 
Convp u r i so n o F Pa n k o M a b and 
HMFG-l binding to mitogen* 
activated human T cells and to 
the MUCI -expressing breast 
cancer cell line ZR-75-1 
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Detection of MUC1 in the sera of cancer patients 

PankoMab was investigated for its potency to detect 
MUC1 in the sera of healthy persons and cancer patients 
by a sandwich ELISA using PankoMab for catching and 
detection. This was compared to HMPG-1 in an analo- 
gous setting and to conditions used in the commercially 
available CA 1 5-3 assay ( 1 1 5D8 for catching and DF3 for 
detection). Table 2 summarises the data obtained. Pank- 
oMab did not bind above the threshold of 23 U/mL (level 
of healthy controls) to MUC1 in the sera from the pan- 
creas of cancer patients and only in 33% of the colon 
carcinoma patients. In contrast, HMFG-1 bound to 
MUC1 in colorectal cancers detecting MUC1 above this 
threshold in 75% of the cases and the CA 1 5-3 test detected 
even 83% of the cases. In addition, HMFG-1 recognised 
MUCI in 38% of the sera of pancreatic cancer patients, 
while CAI5-3 did not, MUC1 in normal sera was gener- 
ally found to be below the threshold with all antibodies. 



Internal isat ion and toxin-mediated cell death 
Jntemaiisation of PankoMab 

Internalisation of PankoMab was analysed using ni ln- 
radiolabelled antibody. Experiments were performed 
after the saturation of the cell surface receptors with the 
antibody following the removal of the unbound anti- 
body by a washing step. Figure 3a shows the specific 
saturable binding of PankoMab to T-47D cells at 4°C. 
The cell surface bound antibody was rapidly internalised 
at 37°C. Maxima of 80 and 60% were already reached 
after 1 h for the investigated cell lines T-47D and ZR-75- 
1, respectively, whereas less than 10% were taken up at 
4°C over a period of at least 4 h. This is in accordance to 
published data [33]. Figure 3b shows as an example the 
time dependent internalisation of PankoMab by T-47D 
cells. 

Toxin-mediated cell death by PankoMab 

ToxiMab is a covalent conjugate of PankoMab and /J- 
amanitin, which induces ceil death after its internalisa- 
tion by inhibition of RNA polymerase [5, 42]. Figure 4a 
shows the potent and specific T-47D tumour cell killing 
using ToxiMab with 0.25 uM of the toxin after 24 h 
incubation. For controls, neither the toxin alone nor a 
control IgGI antibody coupled to /3-amanitfn, both used 
at the same toxin concentrations as ToxiMab, nor the 




Fig. 3 Internalization of PankoMab. a Saturation determination of 
PankoMab binding to T-47D cells at 4°C b Time-dependent 
intemajisation of m I ivradiola belled PankoMab by T-47D cclte 

antibody alone showed a killing effect to the cells 
(Fig. 4a), At least two individual experiments were 
performed. Induction of cell death is very rapid and 
already detectable after few minutes, and 70% celt death 
is measured already after 1 h as shown in the time curve 
in Fig. 4b. A concentration-dependent toxicity was 
measured for both the ToxiMab as well as the free toxin, 
whereby ToxiMab showed a ~30fold lower IC50 (toxin 
concentration necessary to kill 50% cells) at 1C50 
-15 nM: compared to the unconjugated toxin (IC50 
-500 nM). A concentration of down to 10 nM was al- 
ready sufficient for cell killing within 24 h. Preincuba- 
tion of the cells with a tenfold amount of PankoMab 
significantly reduced this effect, e.g. to about .50% after 
4 h. Comparable results of the internalisation rate and 
cell killing were measured for another breast cancer cell 
line ZR-75-1 (data not shown). 



ADCC activity of PankoMab 

PankoMab specifically triggers ADCC of human PBMC 
against MUC! -positive tumour cell lines /Figure 5 shows 



Table 2 Detection of scrum 
MUC1 by a sandwich ELTSA in 
the seva of cancer patients (cut- 
off level: 23 U/mL) 



"Number of positive sera/ total 
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Fig, 4 Toxin-mediated cell death by PankoMab. a T*47D tumour 
cell killing using ToxiMab with 0.25 \iM of the toxin after 24 h 
incubation- Toxin alone and a control IgGI antibody coupled to 
amanitin were used ai the same toxin concentrations as ToxiMab. 
PankoMab alone did not show a killing cflea to the cells. Mean 
values ± SD are shown, b Kinetics of ToxiEvIab- induced dentil of 
T-47D cells 

the concentration-dependent cell lysis ofZR-75-J cells by 
PankoMab compared to HMFG-J and a murine IgGI 
eotitrol PankoMab showed .specific anti-tumour ADCC 
activity. The effectiveness of murine PankoMab in 
ADCC is lower compared to a chimeric version of the 
antibody (manuscript in preparation). However, com- 
pared to HMFG-1 detecting the same antigen, Pank- 
oMab Is very effective. The MU CI -positive tumour cell 
line T-47D was also efficiently killed by PankoMab, 
whereas a concentration -dependent specific ceii lysis was 
not detected using the MUCI -negative cell tine MT-3, 
which served as a control (data not shown). 



Discussion 

After the discovery and description of the novel carbo- 
hydrate-induced conformational tumour-epitope of 
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Fig, $ ADCC activity of PankoMab, PankoMab-depeodent killing 
of MKC J -positive tumour cell line ZR-75- 1 using hitman ^BMC as 
effector ceils in a effector to target cell ratio of SO: I. HMFG-1 was 
not capable of mediating specific target cell killing compared to a 
murine IgGI control antibody 



MUCi [29, 30], the next logical step was to develop and 
characterise an antibody, which was able to distinguish 
between the novel tumour epitope and the non-tumour 
MUCI epitopes for the future aim of developing im- 
proved antibody-based immuno therapeutics. From the 
panel of anti-MUCI antibodies examined by Karsten 
et ah [29], only two antibodies, VIM 1E2 and A76-A/C7, 
showed a strong but not absolute glycosylation depen- 
dency {binding ratio of Tn- glycosylated 30-mer [AP PA- 
NG V TSA PD T[GalNAca]RPA PGSTAPPAHG VTSA] .to 
non-gtycosytated turner [APPA HG VTSA.PD TRPAPGS 
TAPPAHGVTSA] of > 6 ) which was combined with a 
strong additive length effect {binding ratio TR4a : TRla 
> 2), In contrast, PankoMab was designed and selected 
to show an absolute glycosylation effect with a very 
strong binding to the Tn-glycosylated 30-mer and no 
detectable binding to the non-glycosyl&ted 30-mer. 
PankoMab shows, in addition, the highest observed 
additive length eiTect (ratio 29,5), i.e. at least twice as 
high as that measured with other antibodies. This effect 
may be described as an induced fit of the conformational 
epitope structure caused by structural influences through 
elongating of the antigen by multiple PDTRP-glycosy- 
lated tandem repeats, which is given with natural. 
MUCI. We refer to the epitope seen by PankoMab as 
rumour-associated MUCI (TA-MUC1), 

In contrast, HMFG-i and C595, two antibodies 
currently in clinical development, do not bind, specifi- 
cally to TA-MUCL Both antibodies show no glycosyl- 
ation dependency in their binding [29], which is in 
accordance with the immunogen used for their genera- 
tion (MUCI of non-tumour origin) [39]. In addition, 
C595 is the only antibody known, which is independent 
of both the length of the MUCI molecule and its gly- 
cosylation. 

The difference in the biochemical fine-specificity of 
the various anti-MUCI antibodies is also reflected in 
considerable differences in histology and serology [12, 
29, 39], confirming the fact that all MUCI antibodies 
have unique specificity patterns even when they bind 
nominally to the same immunodominant region. Pank- 
oMab stains strongly colorectal, gastric* breast, kidney, 
liver, lung, prostate, pancreas and ovarian carcinomas, 
as well as multiple myelomas and is negative with many 
normal tissues, including gastrointestinal tissues (man- 
uscript in preparation). Thereby, it stains the large 
majority of carcinoma cases in these indications and 
reveals largely reduced staining with most other normal 
epithelia when compared to other MUCI antibodies, in 
the few cases where PankoMab stains normal tissue, this 
staining is strictly located to the apical surface of the 
epithelial cells where it is not accessible to systemically 
applied antibodies. 

An important feature of PankoMab is the almost 
complete lack of binding to cells of the haematopoietic 
system. None of the tested peripheral blood cells were 
stained by PankoMab. Only when the cells were mitogen- 
activated, about 7% of the activated T cells were weakly 
bound by PankoMab, a fact which we do not consider to 



1.345 



be critical for immunotherapies. In contrast, HMFG-I 
reacted with several types of blood cells, and to some of 
thern in considerable proportions, which might become a 
problem in its systemic use in patients. Strong binding of 
HMFG-1 to stimulated T cells was also observed by 
Correa et ah [15]. This indicates that the glycosylation 
and the accessible epitopes of MUC1 on the tested blood 
cells are different from those of the novel turn our-epi tope 
present on cancer cells. The non-identity between MUCl 
expressed on haematopoietic cells and on tumour cells 
was confirmed by the results of other studies, which re- 
vealed complex binding patterns of the various MUCl 
antibodies on haematopoietic cells, and confirmed the 
importance of subtle differences in the fine-specificity of 
anti-MUCl antibodies [7, 15, 18]. 

Another important advantage of PankoMab is its very 
low binding to MUCl shed from the tumour into the 
blood stream. Whereas the quantitative determination of 
shed MUCl as a tumour marker is of great importance 
for monitoring of breast cancer patients in order to detect 
recurrence and to control the therapy of metastases [17, 
22 T 25, 44, 47], therapeutic antibodies should not be ab- 
sorbed by shed MUCL In this respect, PankoMab is 
much better than most other MUCl antibodies, None of 
the 16 tested sera from patients with pancreatic carci- 
noma revealed binding to PankoMab above the thresh- 
old of 23 U/mj, while HMFG-l binding surpassed the 
threshold level in 38% of the cases. In patients with colon 
cancer PankoMab detected MUCl only in 33% of cases, 
whereas HMFG-1 led to significantly higher values in 
78% of the patients. The detection level of MUCl in 
normal sera was comparable for all antibodies tested 
(CA15-3 assay, HMFG-1 and PankoMab). 

Low binding of PankoMab to normal cells and to 
shed MUCl combines with high-affinity binding to tu- 
mour cells. Scatchard piot analyses at equilibrium re- 
vealed high affinity of PankoMab towards tumour cells 
ranging from # asR - 0.3-JxlO 9 M _l towards ZR75-I and 
NM-D4 cells, respectively. The affinity to MUCl on 
various tumour cells was about one magnitude higher 
than that of HMFG-1, which is considered to be one of 
the high-affinity MUCl antibodies. 

Another advantage of PankoM.ab is the very high 
number of about I0*antibody binding sites per tumour 
cell at saturation. In all the cases tested, PankoMab had 
at least 10 times more binding sites per cell than 
HMFG-1, The reason for this is not quite clear. 
HMFG-I nominally binds to the same immunodomi- 
nant region as PankoMab but is independent of gly- 
cosylation at PDTRP. In contrast, PankoMab has an 
increased tumour specificity due to its dependence on a 
tumour-specific, carbohydrate-induced conformation of 
the epitope. From this, one would expect that HMFG-1 
would bind to at least the same number of binding sites 
than PankoMab. One possible explanation that Pank- 
oMab has more than 10 times more available binding 
sites on the tumour cell surface would be that the car- 
bohydrate-induced conformation is modified by a fur- 
ther induced fit coming into effect with increasing 



length of the molecule, which is obviously the case with 
tumour MUCl and is recognised by PankoMab, while, 
the tumour glycosylation somehow decreases or at least 
does not increase the availability of the binding site for 
other antibodies like HMFG-L This would be in 
accordance with the fact that the conformational epi- 
tope, a proposed knob structure [20], which is seen by 
HMFG-I on multiple tandem repeats of naked pep- 
tides, is different from the Carbohydrate-induced con- 
formational epitope seen by PankoMab, which 
supposedly has a more rigid structure [29, 30, 41]. In 
any case, the results indicate that the carbohydrate-in- 
duced conformational epitope is not only the epitope 
with the higher tumour specificity, but also the one: with 
the greater abundance on tumour cells, and hence an 
adequate target for an immunotherapy approach. This 
effect provides a further argument in favour of Pank- 
oMab, The affinities and numbers of binding sites of 
antibodies usually recommended for antibody immu- 
notherapy, binding avidity in the nanomolar range and 
at least 10 s antibody binding sites per tumour cell, are 
well exceeded by PankoMab. 

Other important features for the suitability of a 
therapeutic antibody are their ability to internalise and/ 
or to mediate potent A.DCC activity, MUCl is known to 
constitutively interna Use and recycle [3.3]. However, in- 
ternaHsation rates of MUCl -bound antibodies vary 
widely for different antibodies, apparently depending on 
the epitope recognised [24, 36] and on MUCl glycosyl- 
ation [3], Our results clearly show a very rapid and 
specific MUCl-mediated internalisation of PankoMab, 
About 20% of the cell surface-bound antibody mole- 
cules were internalised after 5 min of incubation at 37°C. 
The inter nalisation rate is comparable to that deter- 
mined for MUCl by a neuraminidase protection assay 
[33], Interna tisat ion is an essential precondition for the 
development of efficient therapeutic immunoconjugates 
with drugs, prodrugs and even radio -immunocoiljugates 
[31> 37, 38). The high potency of PankoMab for toxin- 
mediated cell killing was demonstrated by the effective 
and specific killing of MUCl -positive tumour cells using 
a PankoMab -toxin conjugate (Toximab). 

Additionally, PankoMab revealed high and specific 
ADCC-rnediated lytic activity using human PBMC.as 
effector cells, whereas HMFG-I was ineffective in the 
same concentration range. This is in accordance with 
Smjdewint et al [43], where HMFG-l was described to 
mediate a strong ADCC response as a humanised anti- 
body, but was ineffective as a murine one. These results 
were obtained by comparing the antibodies in the mur- 
ine IgGl antibody format, which is known to mediate 
ADCC with human PBMC, albeit to a lower extent than 
chimeric or humanised antibodies with human constant 
regions. Other murine MUCE antibodies such as DF3 
were described not to mediate ADCC with human 
monocyte-derived macrophages [2], PankoMab shows a 
much increased ADCC activity, as well as a very potent 
phagocytosis-enhancing activity when used as a chimeric 
human-mouse antibody (manuscript in preparation). 
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In conclusion, PankoMab is a novel anti-MUCi 
antibody designed according to the latest knowledge of 
the nature of tumour MUCK PankoMab, compared to 
other MUC1 antibodies and especially HMFG-i, has a 
higher vSpecificity and affinity, delects more binding sites 
on tumour cells, reveals no binding to normal blood cells 
and is much less bound by shed MUCl. This set of 
largely improved characteristics together with the spe- 
cific ADCC activity, its rapid infemalisation and the 
potent specific killing of MUCl positive tumour cells by 
toxin-coupled PankoMab renders it a. promising new 
generation anti-MUCl antibody for further clinical 
development as either naked, toxin -labelled or radiola- 
beled antibody for therapy and diagnosis of MUC1- 
positive tumours, Various chimeric and humanised for- 
mats of PankoMab are presently under investigation. 
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